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I1VBS1IGATIOH  OF  SUEEBSCHIC  1HBEE-&IBE BSIC 111  VlOH  ABOUT  SEGHERTAL 
EOJ3IES 


14  B.  Hinostsev 


In  1966  in  the  Institute  of  Hecbaqics  cf  the  Moscow  State 
University  under  the  leadership  cf  Brcf.  G.  I.  lelenin  an 
investigation  was  conducted  of  supersonic  ttree-diaensiona  1 flow 
about  bodies  of  segnental  shape.  For  calculation  of  flow  there  were 
used  the  nethods  discussed  in  [1,  2].  In  these  aethods  the 
gas-dynanic  functions  cn  the  layers  are  represented  by  Lagrange 
polynonials  on  two  variables,  and  fer  transition  fron  layer  to  layer 
during  calculation  of  the  subsonic  and  tr arsenic  regions  of  flew 
there  is  solved  a systea  cf  ordinary  differential  equations,  during 
calculation  of  the  supersonic  region  of  flew  there  is  used  the  aethod 
of  characteristics.  Soae  cf  the  obtained  results  of  investigations 
are  presented  in  articles  [2-5].  Since  the  developed  aethods  are 
adapted  for  calculation  of  saooth  flews,  the  contour  of  the  segaental 
bodies  was  approxiaated  by  a single  analytical  foraula  [2-5].  The 


I 
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utilited  approximation  made  it  possible  to  consider  flow  around 
bodies,  the  contour  of  which  differs  fees  that  cf  the  segsental  body 
with  break  of  generatrix  virtually  c r 1 j iq  the  region  of  the  maximum 
cross  section.  Calculations  are  perfersed  icr  lumbers  * 5,  angles 
of  atitack  • to  30*,  different  central  angles  of  the  frontal  spherical 
segnent  ( 1 9*  ) and  different  generatrix  angles  of  the  rear  cone  ( 

£ ).  As  a result  of  calculations  there  are  obtained  distributions  of 
the  gas-dynamic  parameters  in  the  shock  layer  and  on  the  surface  of 
the  bpdy,  there  are  constructed  shock  waves  and  the  patterns  of 
distribution  of  lines  of  flew  and  isobars  in  the  plane  of  synnetry  of 
flow  and  on  the  surface  of  the  body,  there  is  investigated  the  effect 
of  the  real  properties  cf  gas  on  the  pattern  of  flow,  distribution  of 
the  gas-dynamic  parameters  and  the  aercdynatic  characteristics.  In 
the  report  attention  is  given  only  to  the  mein  gualitative  results, 
obtained  on  the  basis  of  analysis  cf  calculation  data.  All  the  linear 
disensions  provided  in  the  report  pertain  to  the  radius  cf  curvature 
of  the  body  at  the  forward  point,  pressure  I tc  the  product  of  the 
density  of  incident  flow  by  the  sgware  cf  maxima  velocity. 

Vigs.  1-6  show  the  results  of  calculation  cf  flow  around  a body, 
close  to  sixty-degree  spherical  sector,  on  at  example  of  which  ace 
examined  the  properties  of  flow  around  bodies  >cf  such  shape.  The 
pattern  of  flow  around  the  frontal  surface  cf  the  body  at  ***  is 

provided  in  Fig.  la,  b,  c.  Solid  limes  depict  the  contour  of  the 
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bed;*  liaes  of  flow  and  the  shock  wave,  dashed  liaes  - isobars 

^vk*ct  ~ pressure  at  the  critical  point,  tbs  position 

of  which  for  angle  of  attack  a 3 15°  is  aark«d  ip  an  arrow  on  Pig. 
1a)#  dot-dash  - sound  line.  In  Fig*  1 it  given  the  pattern  of  flow  in 
the  plane  of  syaaetry,  Fig*  1b  and  c - cn  tie  frcntal  surface  of  the 
body.  As  calculations  show,  provided  with  various  angles  of  attack, 
the  pattern  of  flow  arcund  the  frontal  surface  with  increase  of  angle 
cf  attack  is  changed  in  the  following  saneci:  lines  of  flow,  exiting 
the  critical  point,  with  the  exception  cf  the  tvo  lying  in  the  plane 
cf  syaaetry,  acquire  the  preferred  directicc  and  at  this  point  have 
coaaon  tangent,  which  is  clearly  seen  in  Fig.  1 c. 
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The  derivative  froi  the  acdelos  of  velccit)  cn  the  length  of  the  arc 
along  the  line  of  flow  in  tie  plane  of  syaaetrj  exceeds  the 
corresponding  derivative  in  the  direction  cl  the  conaon  tangent,  in 
particular,  aith  angle  cf  attack  30°,  bj  2-5  tiaes.  The  displaceaent 
of  the  critical  point  froa  the  axis  cf  syaactry  turns  out  to  be  less 
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than  that  calculated  by  Beaten  theory  and#  jarticularly,  for  angle  of 
attack  30°  by  approxinatcly  25  o/o.  The  flea  lice  with  aaziaoa 
entropy  lags  behind  the  flow  line  arziviqg  at  the  critical  point, 
however#  this  lag  even  for  angle  of  attack  30°  turns  out  to  be 
insignificant.  The  isobars  and  soued  line  axe  deforaed#  being 
ccfdeaeed  in  the  direction  yarallel  to  the  {lane  of  syaaetry. 

Fig.  2 shows  the  field  of  flea  in  the  {lane  of  syaaetry  and  the 
(rejection  of  the  flow  line  to  thie  (lane  cc  the  surface  of  the  body. 


Ike  shock  save,  flow  lines,  isobars  and  sonrd  surface  are  depicted  by 
the  sane  lines  as  in  Fig.  1.  since  tbe  calculations  are  conducted  for 
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ideal  gas,  the  question  shccld  be  examined  about  the  effect  of 
viscosity  on  the  obtained  pattern  cf  flew,  distribution  of 
gas-dynasic  paraaeters  and  aercdynaaic  characteristics.  Concerning 
the  frcntal  surface,  up  tc  altitudes  cm  the  erder  of  60-70  kn  the 
boundary  layer  is  still  quite  thin  and  the  flow  field  outside  it  can 
be  obtained  fron  the  calculations  cf  flew  b > ideal  gas.  On  the 
lateral  surface  separation  can  occur.  The  nagoitude  of  the  separation 
zone  is  deterained  by  the  angle  of  attack,  eccaetry  of  the  body  and 
conditions  in  the  incident  flow.  It  is  natural  that  during 
calculation  of  ideal  gas  flow  around  the  body  it  is  iapossible  to 
calculate  the  flow  in  tbe  separation  zene,  however,  the  effect  of  the 
separation  zone  on  the  flew  outside  it  and  tbe  aerodynaaic 
characteristics  of  the  tedy  can  be  sufficiently  well  simulated  during 
the  calculation  of  flow  around  segaental  bodies  by  ideal  gas. 
Actually,  during  flew  around  the  round  area  in  the  area  of  the 
aaxiaua  cross  section  there  occurs  considerable  acceleration  of  flow 
and  slurp  pressure  drop,  which  on  the  leeward  side  at  the  surface  of 
the  body  leads  to  the  formation  of  a region  of  very  low  pressure,  in 
which  there  is  virtually  no  gas.  Sc  the  flew  density  at  the  surface 
cf  the  body  for  the  case  represented  in  F,ig.  2 on  the  leeward  side  of 
flow  is  greater  than  an  order  lower  than  tbe  flew  density  of  tne 
windward  side  of  flow,  if  we  take  the  isobar,  corresponding  to  the 
experimental  value  cf  base  pressure,  and  take  it  as  the  boundary  of, 
the  separation  zone,  and  assuae  pressure  ir  regies  P < Pt0J  equal  to 
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Pdo«  • § daring  calculation  cf  flow  by  ideal  gas  we  obtain  simulation 
of  the  effect  of  the  separation  zone  cn  the  pattern  of  flow  and  the 
aerodynamic  characteristics  of  the  segaental  body.  The  area, 
simulating  the  separation  zone,  is  liaited  in  fig.  2 by  broken  line. 

The  physicochemical  processes  occurring  it  the  shock  layer 
during  hypersonic  flow  arcund  blunt  bodies  lead  to  considerable 
change  of  the  values  of  gas-dynamic  parameters.  The  conducted 
investigations  [5]  showed  that  the  aercdynaiic  characteristics  of 
ideal  gas  flew  around  segaental  bedies  in  tie  case  of 
near-equilibrium  flow  arcund  frontal  surface  with  rather  high 
accuracy  can  be  obtained  fren  the  calculations  cf  flew  around  a given 
body  by  soae  simulating  ideal  gas.  In  this  case  the  flow  around  the 
frcntal  surface  is  considered  equilibrium,  and  the  adiabatic  index 
for  flow,  simulating  the  given  eguilibriua  floip,  is  selected  frea  the 
condition  of  equality  of  the  ratio  cf  densities  in  direct  shock  wave 
for  eguilibriua  and  simulating  flows.  It  is  shewn  that  the  errors 
obtained  with  such  simulation  in  the  values  cf  gas-dynamic  functions 
iq  the  shock  layer  in  the  ertire  subsonic  regies  do  not  exceed  2-3 
c/o.  Calculation  of  the  supersonic  regicn  is  conducted  with  the  value 
of  adiabatic  coefficient,  obtained  fxca  the  ccndition  of  "freezing" 
of  the  composition  of  gas  in  the  region  of  the  laximum  cross  section 
cf  the  body.  Comparisons  with  results  of  calculations  of  axisymmetric 
ncnegailibrium  flow  [5j  indicate  the  rather  high  accuracy  of  such  a 
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systea  of  siaulation.  Pigs.  3-5  show  the  results  of  calculation  of 
flew  uith  a = 15°  about  a body,  clcse  tc  siity-degree  sector.  Fig.  3 
shows  the  position  of  shock  waves  in  the  plane  cf  syanetry  for  the 
following  cases:  1,  2,  3 - M»’°°  respectively  aonatoaic,  diatonic 
and  triatoaic  gases  with  constant  adialatic  indices  ( f - 1.66,  1.4, 
1^53)  { 4,  5,  6 - = 10,  PL  - 120  kg/«2,  1 * 230®  K , 

respectively  N2,  air  and  C02;  7,  8 - * 25,  =2.5  kg/a2,  T = 

250°  K respectively  ain  (or  N2)  and  CC2. 


"1 


1 


rig.  3 


lot  ait  carves  5 and  7 correspond  tc  conditions  at  altitude  30  kn  or 
60  ka*  these  sane  nunerical  designations  oi  curves  are  retained  in 
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Figs.  4,  5,  shore  there  are  provided  distributions  of  pressure  along 
the  surface  of  the  body  F(x)  and  aoxost  the  sheet  layer  P(f)  in 
section  x ^0.36  on  the  windward  side  ( v .*17  ) of  floe  f - JLlZl.  , 
where  r - distance  froa  tie  axis  of  syaaetxy  cl  the  body,  index  s 
designates  the  surface  of  the  body,  w - shock  wave.  Increase  of  f 
leads  to  aore  intense  overe xpansion  cf  flow  during  turn  in  the  region 
of  the  aaxiaua  cross  secticc  than  is  revealed  relative  to  different 
dinensions  of  "spoons"  in  tie  distribution  cf  pressure  along  the 
surface  of  the  body  at  curves  1-3  in  Fig.  4 . 
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lateral  surface  of  the  ted;  in  the  total  aeicdyuaaic  characteristics 
The  differences  in  the  (restore  distributions  fer  N2f  air  and  CO* 
(carves  9-6)  are  explained  ty  the  different  values  of  tiae  of 
excitation  of  oscillations  end  dissociation.  If  for  M2  under  the 
exasiaed  conditions  ( 3 10)  the  effect  of  real  properties  cannot 

practically  be  considered,  the  real  [icperties  for  CO*  aust  already 
be  considered.  The  corresponding  value*  of  adiatatic  indices  of  flow 
siaulating  flow  around  the  frontal  surface,  in  the  exaained  cases 
will  be  the  following:  4 - 1.3  (71.51),  5 - [illeg.].  6 - 1.14.  Hith 
* 25  (curves  7,  8)  the  corresponding  values  of  adiabatic  index 
for  flow,  siaulating  flow  around  the  frontal  surface,  for  all  three 
exaained  cases  fe,*  1.1,  atd  for  "froten"  flow  fa*  1.6,  which 
corresponds  to  alaost  ccapletely  dissociated  gas,  in  view  of  which 
the  distributions  of  pressure,  obtained  by  the  given  nethod,  in  all 
three  of  the  exaained  cases  are  virtually  identical. 
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even  Kith  saall  angles  cf  attack  and  aaall  angles  of  back  cone  there 
la  coesider able  run- over  of  flce#  ahich  leads  tc  the  fact  that 
fseasere  oa  the  leeuard  side  of  the  ledy  starts  froa  a certain  length 
to  escccd  the  pressure  ci  tke  aindeard  side,  the  indicated  length  in 
the  considered  range  of  angles  of  attack  virtually  do  not  depend  on 
the  angle  cf  attack  (Pig.  6). 


I 


£ 


large  pressure  gradients,  appearing  at  considerable  angles  of  attack, 
for  epaaple  a * 20°  (solid  lines  in  Fig.  6)  lead  to  separation  and 
reorganization  of  flow.  However,  tie  fact  described  above  occurs  even 
for  asgle  of  attack  1°  (broken  line  cn  Fig;  6).  Fig.  7 shows  the 
pattern  of  flow  lines  on  the  surface  of  the  body  in  the  projection  to 
the  plane  of  syaaetry  at  angle  of  attack  a * 20°. 


The  data  presented  in  Pigs.  6,  7 ate  calculated  with 

^ , <9*  2t>° , J*  - exper Jnectal  data  cf  Tu.  Ta.  Karpeyskiy 

shewn  ty  points  in  Pig.  8 , toe  ths  cass  oC  flow  around  a body  with 
break  of  generatrix  at  ■ 6,  &*  • &P  and  fi  « 10*  indicate 

the  goite  good  coincidence  cf  calculated  arc  experiaental  data. 
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the  aost  difference  is  in  the  regies  of  the  taxinun  cross  section  of 
the  body,  which,  in  all  pcctability,  can  be  explained  by  the  effect 
cf  roeeding  of  the  apprexiaating  contour.  1c  rig.  9 for  the  given 
case  of  flow  there  are  shevt  the  pxessure  distributions  with  respect 
tc  aeridian  angle  VA. 


3 


0**30’ 
J*  = / O' 


Pig.  11. 


It  is  seen  that  the  characteristics,  picccecinc  froa  the  surface  of 
the  body  in  range  0.5  < x < 1.5,  virtually  lie*  together  at  x = 2.5 
i.e.,  run-over  of  flow  near  the  surface  of  the  segaental  body  leads 
to  the  formation  of  suspended  shock  wave  iE  the  field  of  flow  fron 
the  leeward  side  of  flew. 


SEE EBENCES 


EOC  =»  0933 


EAGB  JafrZU. 


2w  V.  B.  Minostsev.  Method  of  calculaticc  cf  supersonic 
three-dimensional  flow  around  smooth  todies.  IAN  USSfe,  MZhG,  1967, 

No.  2,  p.  126-133. 

3w  V.  B.  Minostsev,  <3.  F.  Telenin,  G*  P.  Tinyakov.  Investigation  of 
the  pattern  of  supersonic  three-dimers icna  1 flew  around 
segmental-shaped  body.  CAN  DSSF,  1$6£,  9ol.  179,  No.  2,  p.  304-307. 


4.  lu.  N.  D’yakonov,  V.  B.  Minostsev,  G.  I.  Telenin.  Supersonic 
three-dimensional  flow  around  blunt  bodies.  In  the  collection 
"Frcblems  of  hydrodynamics  and  continiui  mechanics".  Science,  1969, 
p.  213-220. 


5.  H.  G.  Lebedev,  V.  B.  Minostsev,  G.  V.  Telenin,  G.  P.  Tinyakov. 
Approximate  method  of  calculation  cf  the  reality  of  gas  during 
hypersonic  flow  around  segmental  bedies.  I A B l]  £ SB,  MZhG,  1969,  No.  2, 
p*  107-111. 


DISTRIBUTION  LIST 


DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGANIZATION 

MICROFICHE 

ORGANIZATION 

MICROFICHE 

A205 

DMATC 

1 

E053 

AF/INAKA 

1 

A210 

DMAAC 

2 

E017 

AF/RDXTR-W 

1 

B344 

DIA/RDS-3C 

9 

E403 

AFSC/INA 

1 

C04  3 

USAMI I A 

1 

E404 

AEDC 

1 

C509 

BALLISTIC  RES  LABS 

1 

E408 

AFWL 

1 

C510 

AIR  MOBILITY  R&D 

1 

E4iq 

ADTC 

1 

LAB/FIO 

C513 

PICATINNY  ARSENAL 

1 

FTD 

C535 

AVIATION  SYS  COMD 

1 

CCN 

1 

C591 

FSTC 

5 

ASD/FTD/  NIIS 

3 

C619 

MIA  REDSTONE 

1 

NIA/PHS 

1 

D008 

NISC 

1 

NIIS 

2 

11300 

USAICE  (USAREUR) 

1 

P005 

DOE 

1 

P050 

CIA/CRB/  ADD/SD 

1 

NAVORDSTA  (50L)  1 
NASA/KSI  1 
APIT/LD  1 
LLL/Code  L-389  1 


DISTRIBUTION  LIST 


! 


DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGANIZATION 

MICROFICHE 

ORGANIZATION  MICROFICHE 

A205 

DMATC 

1 

E053 

AF/INAKA 

1 

A210 

DMAAC 

2 

E017 

AF/RDXTR-W 

1 

B344 

DIA/RDS-3C 

8 

E403 

AFSC/INA 

1 

C043 

USAMIIA 

1 

E404 

AEDC 

1 

C509 

BALLISTIC  RES  LABS 

1 

E408 

AFWL 

1 

C510 

AIR  MOBILITY  R&D 

1 

E410 

ADTC 

1 

LAB/FIO 

E413 

ESD 

2 

C513 

PICATINNY  ARSENAL 

1 

FTD 

C535 

AVIATION  SYS  COMD 

l 

CCN 

1 

C591 

FSTC 

5 

ASD/FTD/NICD 

3 

C619 

MIA  REDSTONE 

1 

NIA/PHS 

I 

D008 

NISC 

1 

NICD 

2 

H300 

USAICE  (USAREUR) 

1 

P005 

ERDA 

1 

P005 

CIA/CR6/ADB/SD 

1 

NAVORDSTA  (50L) 

1 

nasa/ksi 

1 

AFIT/LD 

1 

FTD-ID (RS) T- 093 3-78 


L 


